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Japanese Kokai Patent Publication S5 1-97099, published August 26, 1976; Application 
No. S50-21951, filed February 24, 1975; Inventor: Kiyoshi INOUE; Assignee: Inoue 
Japakkusu Kenkyujo 

ELECTRODE FOR ELECTRICAL DISCHARGE PROCESSING 

2. Claim 

Electrode for electrical discharge processing characterized in that it is comprised 
of an area of 1 - 30% iron and the remainder is carbon, and it is baked and sintered. 

3. Detailed Explanation of the Invention 

The present invention concerns an electrode for electrical discharge processing; in 
particular, it concerns an improvement in a carbon-based electrode of graphite or the like. 

Nowadays, carbon-based electrodes such as graphite or the like are most 
commonly used, along with copper electrodes and silver- or copper-tungsten alloy 
electrodes. 

However, the preferable graphite electrode for the discharge processing should 
have particles that are as small as possible and a density that is as high as possible; the 
manufacturing method thereof tends to be specialized and expensive. 

That is to say, it is preferred that the particles be fine and the density be high; for 
the discharge processing performance, the electrode wear rate is small, the processing 
speed is fast, and the processing surface roughness is satisfactory. For the electrode 
itself, the cutting mold properties are satisfactory and the precision is high. Multiple fine 
molds are possible, and transverse rupture strength at high strengths is high. Therefore, 
this is preferably used, but it has a cost that is several times or more than the carbon- 
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based electrodes of graphite or the like which have been normally been used 
conventionally. 

The present invention takes these points into consideration, and with a graphite 
electrode having fine particles and high density, and from the various aforementioned 
standpoints, a carbon-based electrode with the same extent of performance has been 
developed. Iron (Fe) is added to and mixed with the carbon, and the item is baked and 
sintered. 

A copper (Cu)-carbon electrode, known as a metallic carbon or the like, used as 
an electrode for discharge processing comprised of a mixture of carbon and a metal, is 
known. The composition thereof is 5 - 1 5% graphite with copper as the remainder, in a 
100-part weight ratio, but in actuality, almost none have been manufactured recently. 
Besides the aforementioned copper, there are items using lead, tin, zinc, or silver, but 
almost none have been manufactured. 

Due to the fact that copper is contained in predetermined quantities as described 
above, the cutting mold properties are good compared to the so-called normal graphite 
electrode for discharge processing (for example, apparent specific gravity of 1 .72, 
specific resistance of 950 /xQ • cm, hardness of Hs 45 - 46, folding strength of 430 
kg/cm 2 , motive elastic coefficient of 948 kg/mm 2 ). A fine cutting mold can be realized 
with high precision, and mechanical strength such as transverse rupture strength, shock 
resistant force, and the like are improved. These can not only be adapted as processing 
electrodes of WC-Co sintering alloys, or copper or an alloy thereof, but can also be 
adapted as electrodes of processing regions of iron-coated processed items that are half- 
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finished or more. Also, depending on the amount of iron contained, because of the iron; 
i.e., strong magnetic material, the processing layer formed by the wear of the electrode 
can have, for example, an area ratio of approximately 90% in a magnetic field of 8,000 e. 
Therefore, by jointly using a magnetic filter, there is also an advantage in that the lifespan 
of a filter using a filtering cloth or a filtering auxiliary agent can be made significantly 
long. 

The invention is explained below based on embodiments. Petroleum coke, 
pulverized to an average particle diameter of approximately 10 /um, in a volume ratio of 
40 - 60%; 20 - 50% natural or artificial graphite, with the same particle diameter; and 1 - 
30% iron, with an average particle diameter of approximately 8 fxm are mixed, 2,000 
joules/g of energy were injected by a charging or discharging sintering method, and the 
conversion to a heated, sintered graphite and molding are carried out. 

When baking and sintering are carried out with a furnace or the like, because the 
baking temperature is comparatively low at about 1,000 - 1,300°C or lower, there is less 
of the aggregate carbon powder used as the material composition than in the above case, 
and it is preferable to have the quantity of the graphite powder be greater. It is necessary 
for the pressurized molding pressure before baking to be 1 - 3 tons per cm 2 . 

The electrode material comprised of iron in a volume ratio of 1 - 30%, and the 
remainder carbon, manufactured as described above, has good mechanical cutting mold 
properties and the manufacture of the electrode is possible with high-precision 
dimensions. The transverse rupture strength is several times higher and the mechanical 
strength is high. When the discharge processing performance has a pulse of, for example, 



a discharge current pulse width of 20 jus and current amplitude of 60 A, the processing 
speed (g per minute) and processing surface roughness ORmax) when the WC-Co 
sintering alloy is processed are the same as with the graphite electrode described above, 
which has conventionally been used as a standard, but the electrode wear ratio has been 
reduced by a volume ratio of 10%, with 10% iron and the remainder carbon, as shown in 
the characteristic curve A of the drawing. The addition of iron is remarkable with this 
wear ratio. With 1% iron, the corresponding results are already present; at over 10% iron, 
the wear ratio deteriorates; at 30% iron, the addition results are sufficient as before. 

Next, the same experiment was carried out with copper simultaneously added to 
the iron, as used before, and the results shown by curve B were obtained. In the case of 
approximately 6% copper and the remainder graph iron and carbon for the volume ratio 
of curve B, exceptional results were not observed based on simultaneous addition. 

When an S55C iron material was processed by electrode low-wear intermediate 
and completed finishing with a discharge current pulse width of approximately 1 10 //s 
and a discharge current amplitude of approximately 180 A, there is about 12% wear based 
on the conventional graphite electrode, but based on the electrode of the aforementioned 
present invention, this was about 0.2% with an electrode comprised of approximately 
1 3% iron and the remainder, carbon. 

Processing of the low wear or non-wear of the electrode in the discharge 
processing is limited to the use of pure steel and so-called good-quality graphite electrode 
as a normal electrode, but based on the present invention, depending on the processing 



conditions, an electrode to which iron is added and mixed can be made to be low in wear. 
Moreover, this is useful in removing the defects associated with graphite electrodes. 

With a copper electrode, in the case of the aforementioned processing conditions 
of 30 /us and 60 A, there was approximately 4% wear, but when an alloy of 6% iron and 
the remainder copper was used, the wear was approximately 1 1%. Based on the 
processing conditions, the addition of iron to copper was effective. 

Based on the present invention as described above, when iron is added, because 
the electrode becomes a strong magnetic body, a magnetic chuck can be used as the 
electrode holder, and the results are such that the mounting and detaching of the electrode 
are simple. Subsidiary results are simple collection of the processing layer and the like 
can be expected. 

4. Simple Explanation of the Drawing 

The drawing is a characteristic curve diagram of an embodiment of the electrode 
of the present invention. 

Translations Branch 

United States Patent and Trademark Office 
December 13,2002 
Steven M. Spar 
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2. SCOPE OF CLAIMS 

An electrode for electric discharge machining, which 



comprises Fe of 1 to 30 % by volume percent and carbon as the 
residual part, and which has been burned and sintered . 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an e lectrode f or 
electric discharge machining, and particularly to improvement 
in- carbonV system electrode such as graphite.) 



Nowadays, an electrode of "carbon System such as graphite 
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is used together with a copper electrode or, a silverXor 
copper- tungsten alloy electrode most ordinarily. 

However, it is preferable for a graphite electrode that 
its particle size is made as small as possible and its density 
20 is made as high as possible. Therefore, the method for 
manufacturing the graphite electrode is made specific so that 
manufacturing cost thereof tends to increase. 

That is, as the particle size is made more fine and the 
density is made higher, the electrode consumption ratio is made 
25 less, the machining speed is made larger and the machined 
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surface roughness is made better as electric discharge 
performances. Also, the electrode itself has a good cutting 
formability and a high accuracy. Furthermore, since a 
complicated and fine formation of the graphite electrode of 
5 the very fine particle size and the high density is made 
possible and the electrode has a high strength to mechanical 
impact and a high contacting force resistance, the electrodes 
have often been used. However, the electrode of the fine 
particle size and the high density has a price several times 
10 or more of the conventional electrode of such carbon as 
graphite . 

In view of the above circumstances, the present invention 
has been developed, which is a carbon system electrode having 
performances substantially equivalent in the above-mentioned 
15 various aspects to those of the graphite electrode of the very 
fine particle and the high density. The carbon system 
electrode is prepared by adding and mixing iron (Fe) to carbon 
to burn and sinter them. 
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